Abstract Chemotherapy drugs, used for prevention of uncontrolled cell proliferation in certain tissues as well as inducing apoptosis in tumor cells, are important candidates for treatment of cancer. The synthesized 2-amino-4H-chromene-3-carbonitrile derivatives effective on cancerous cells resistant to other drugs such as Paclitaxel were used due to their ability in induction of apoptosis. The growth inhibitory and inducing apoptosis activities were determined. In order to make it target-oriented, the best compound was conjugated with gold nanoparticles (NPs) by aspartic acid with chemical reduction method. Cytotoxicity effect of 2-amino-4H-chromene-3-carbonitrile derivatives against the T47D breast cancer cell line was determined by MTT assay. The synthesis of gold NPs was confirmed by transmission electron microscopy, UV-Vis and dynamic light scattering. To assess the effects of compounds on the process of apoptosis, staining methods with acridine orange-ethidium bromide and Hoechst staining by fluorescence microscopy and DNA fragmentation by the diphenylamine method were used. The synthesized compounds containing two NH 2 groups on benzene rings, demonstrated more cytotoxicity effect. The effect of conjugation with gold NPs and the induction of apoptosis were studied with the best compound. The cytotoxicity effects of the synthesized 2-amino-4H-chromene-3-carbonitrile compounds were changed by replacement of NO 2 group on thiol ring with different chemical groups on the benzene ring. Analyses of treated cell lines by conjugated and non-conjugated forms of compounds verified their ability in inducing apoptosis while conjugated form demonstrated higher apoptosis.
Cancer treatments include surgery, radiotherapy, chemotherapy, hormone therapy and biological therapy [4] . Although using drugs in chemotherapy is currently one of the most effective methods for treating cancer, but the cytotoxicity effects of chemotherapy drugs cause many side effects. These effects are liver and kidney damage, immune system suppression, vomiting, hair loss, anemia and gastrointestinal diseases. Thus, the injury to normal tissue by anti-tumor drugs is one of the most important limitations for cancerous patients [5, 6] . Emergence of tumor cells-resistant in conventional chemotherapy drugs has led to the use of newer drugs.
The benzopyran (chromene) from Flavonoids family (or bioflavonoid) (from the Latin word flavus meaning yellow, their color in nature) are natural compounds with numerous biological activities such as anti-tumor, anti-Leishmania and anti-bacterial properties [7, 8] .
Also these compounds inhibit cell proliferation and bound to the colchicine site of b-tubulin, which result in polymerization of microtubule stopping cell cycle and eventual apoptosis. In addition, they are effective against cancerous cells resistant to other drugs and can be helpful in curing patients' refractory to anti-tumor agents like taxons [9] .
Since the mechanism of these compounds has not been reported completely, further studies on the mechanisms and effects are essential to find stronger anticancer compounds. Since apoptosis induction effect of anti-cancer compounds has been proved, several researchers have attempted to synthesize various derivatives of chromene [10, 11] , although it has not been extensively studied for breast cancer.
Apoptosis or programmed cell death is a normal cellular process which is regulated to maintain the number of cells and remove unwanted cells. Right balance between apoptosis and inhibition of apoptosis plays an important role in maintaining the homeostasis of tissue and organ morphogenesis [10, 12] . Cytological and biochemical changes happen in certain cells during apoptosis, including condensation of nucleoplasm and cytoplasm, DNA fragmentation, and formation of apoptotic bounded membrane bodies that are identified and eliminated by adjacent cells [13, 14] . Any fault in this process causes pathologic conditions such as deviations from apoptosis, which causes the tumor separation, metastasis and inducing apoptosis which leads to neurological diseases such as Alzheimer's [15, 16] .
Nanotechnology is the latest trend in treatment of cancer with targeted action on cancerous cells and minimal side effects on normal ones recent techniques include delivery systems, passive targeting, active targeting, intracellular transport, the placement of nanoparticle (NP) agents in intracellular organelles and various techniques for cancer diagnosis such as carbon nanotubes and biological sensors [17] . Nanotechnology has been established to change the scale of drug delivery methods. Diagnostic and therapeutic agents can be in capsule form, or are absorbed by covalently connections to NPs.
This approach can easily overcome the consequences of drug solubility, which has important functions. More than 40 % of active substances which had been identified through screening programs were compounds with poor solubility in water such as 4H-chromene [18] .
According to the stage and type of cancer, designing of carrier and targeting strategies may vary [19, 20] . One of the most widely used NPs is gold NPs. Gold at nanoscale shows such features that make it an important metal in nanotechnology processes. Such NPs have many applications in biotechnology and medical fields [21] .
In this work, we show that both chromene derivatives and conjugated compounds are effective in inducing apoptosis in T47D breast cancer cells although conjugated compounds are more effective.
Materials and Methods

Materials
T47D cell line was purchased from Pasteur Institute of Iran; RPMI-1640, fetal bovine serum (FBS) were obtained from Gibco; MTT, HAuCl 4 , aspartic acid and Hoechst 33258 were purchased from Sigma-Aldrich; acridine orange (AO), ethidium bromide (EB) and diphenylamine were obtained from Merck. Novel 2-amino-4H-chromene-3-carbonitrile derivatives were designed and synthesized in Pharmaceutical Sciences Research Center, http://psrc.tums.ac.ir.
Preparation of Compounds
IUPAC nomenclature and the structure of compounds 1-6 used in this study have been listed in Table 1 .
Cell Culture T47D cells were used to evaluate the cytotoxicity effect of new compounds of Chromene. The cells (NCBI C203) were cultivated in RPMI-1640 medium containing 10 % FBS at 37°C and 5 % CO 2 . Cell counting was performed with Hemocytometer. Percentages of viable cells were determined by trypan blue staining.
Cytotoxicity Effect of 2-Amino-4H-chromene-3-carbonitrile Derivatives Cytotoxicity was determined by MTT assay [22] . Compounds were maintained in DMSO solution. The final concentration of DMSO in culture medium was 0.1 %. Cell cultures were used in growth phase. Ten thousand cells per well were cultivated in plates (96 wells) and incubated for 24 h (5 % CO 2 and 37°C). The medium containing dilutions of each derivative was added to wells, and incubated for 48 h at mentioned conditions. Then MTT solution (5 mg in 10 ml PBS) was added to all wells and the plates were incubated for 3-5 h. Finally, the deposit crystals of Formazan were dissolved in isopropanol. Absorbance was measured by ELISA Reader at 540 nm.
Synthesis of Gold NPs
Aspartic acid (1/5 ml) was added to 25 ml of distilled water, and then heated up to boiling point. Afterwards, HAuCl 4 (5 mM, 1 ml) was added and heated until the color of solution was changed to red. After completing the reaction, it was placed in ice bath to cool down completely [23] .
NPs formation was confirmed by techniques such as transmission electron microscopy (TEM), UV-Vis and dynamic light scattering (DLS; zeta-synthesizer).
Conjugation with AuNPs
Compound number 4 which presented the best results in MTT assay was used for conjugation with gold NPs. Process was as follows: Prepared colloidal solutions of gold NPs (proper dose) were solved with compound number 4 (1:1) in PBS buffer [PBS (pH 7.4) = 8 g NaCl, 2.82 g Na 2 HPO 4 Á12H 2 O, 1.42 g NaH 2 PO 4 Á2H 2 O, 1 l DDW)], and the mixture was incubated while shaking at 4°C for 48 h [23] . Samples were analyzed by UV-Vis and DLS.
Apoptosis Induction
The effects of compounds on the process of apoptosis were assessed by staining methods such as AO-EB and Hoechst 33258 staining [24, 25] , and DNA fragmentation by diphenylamine method [26] .
AO-EB Staining
T47D cells were cultivated in culture flasks. After sufficient growth and adding compounds, they were incubated for 24 h at 37°C and 5 % CO 2 . Cells were collected with trypsin. The solution was centrifuged 200 g for 3 min. Then the supernatant was removed and cells were diluted in PBS buffer. Cell suspension was mixed with dye solution (1:1 of each color), and the mixture was incubated for 5 min. The samples were placed on a slide and then examined by the fluorescent microscope to determine the percentage of apoptotic cells by counting 400-500 cells (Ziess, Germany).
Hoechst 33258 Staining
Cells were cultured in plates (six wells). After incubating and adding IC 50 concentration of compounds, cells were rinsed with PBS (twice) and fixed with paraformaldehyde 4 % for 20 min at 4°C. Then cells were rinsed with PBS again and covered with Hoechst 33258 for 15 min in the dark place at room temperature. The solution was removed and cells were washed with PBS again (once). The photos of cells were taken with the inverted fluorescent microscope (Motic AE31, USA/Canada).
DNA Fragmentation
DNA fragmentation was performed based on previous procedures [26] . Cells were incubated for 24 h, and then were treated with compounds (at IC 50 ) for 24 h. After incubation, cells were collected and centrifuged at 200 g for 10 min at 4°C. Supernatant was discarded, and cell sediment was lysed with lysis buffer (Tris base ? EDTA ? Triton X-100) and then shaked. For separating DNA fragment from intact chromatin, the solution was centrifuged again. Supernatant was removed and put in tube A. Lysis buffer (0/5 ml) was added to the sediment again (tube B). Then trichloroacetic acid (25 %) was added to both tubes (A and B), and after shaking for a few seconds, they were incubated for 24 h at 4°C. DNA was precipitated and separated by centrifugation. Supernatant of both tubes were carefully discarded and then 80 ll of trichloroacetic acid (5 %) was added to the pellets. Samples were heated at 83°C for 20 min for DNA hydrolyzing. Finally 160 ll of fresh reagent diphenylamine was added and vertexed. The samples were kept for 24 h at room temperature. Absorption of samples was measured at 600 nm by ELISA Reader, and the percentage of DNA fragmentation was calculated by the following equation.
%DNA fragmentation ¼
ODðtube AÞ ODðtube AÞ þ (tube B)
Â 100:
Statistical Analysis
Each experiment was repeated three times and data were reported as mean ± SE. Comparative test was used included t tests and P value of results were significant (p B 0.05). IC 50 (concentration of a compound reducing by 50 % cell growth compared to control) of all compounds accurately were calculated by %viability and using the Pharm-PCS statistical package version 5.1.2600 (Springer-Verlag, New York).
Results
Cytotoxic Studies: MTT Assay
The cytotoxicity of 2-amino-4H-chromene-3-carbonitrile derivatives was assayed against T47D cells. The cells (1 9 10 4 cell/well) were cultured in RPMI-1640 medium at 37°C overnight in the presence of the derivatives at different concentrations (1-650 lM) for 48 h. The percentage of cell viability was estimated by the MTT assay (Fig. 1) . IC 50 values were calculated from the semi-logarithmic dose-response plots using the Pharm-PCS statistical package. Result of cytotoxicity effects of 2-amino-4H-chromene-3-carbonitrile derivatives is illustrated in Table 2 . The viability of cells treated with compounds (1-650 lM) compared to cells without treatment, greatly reduced. All compounds had cytotoxicity effect with IC 50 less than 200 lM. According to the results shown in Fig. 1 and Table 1 the relative strength of compounds can be compared. It is evident that compound 2 showed the highest amount (181.26 lM) and compound 4 had the best result (81.42 lM). So the compound 4 was the most active compound in this series and selected for further studies.
Preparation of AuNP-Conjugated Compound
In order to make it functionally specific and target-oriented, compound 4 was chosen to be conjugated with synthesized gold NPs by aspartic acid with chemical reduction. The result of TEM analysis is shown in Fig. 2 . The sizes of AuNPs were reported to be 18 ± 10 nm. The synthesis of gold NPs was confirmed by techniques such as UV-Vis and DLS. UV-spectra of AuNPs and its conjugation with compound 4 can be seen in Fig. 4 . As indicated, the red shift in the spectrum was caused by conjugation (Fig. 3) . According to the figures, particle size and zeta potential increase from 33.32 to 187.9 nm and -8.99 to -5.55 mV (determined by DLS), respectively, which confirmed the conjugation (Figs. 4, 5) .
Effect of AuNP-Conjugated Compound on Cell Viability
The cytotoxicity effect of non-conjugated compound and its conjugated form with gold NPs were examined and compared (Fig. 6) . Consequently, IC 50 value was decreased by conjugation from 81.42 to 49.87 lM.
Study of Apoptosis
The first and most noticeable effect following exposure of cells to toxic compounds is the alteration in cell nucleus morphology in a medium culture. To assess the effects of compounds on the process of apoptosis, staining methods with AO-EB and Hoechst staining by fluorescence microscope and DNA fragmentation by the diphenylamine method were used. Fluorescence light microscopy with differential uptake of fluorescent dyes (AO/EB staining) is the method that recognizes the apoptosis and necrosis cells. AO penetrates the nucleus of all cells and makes it looks green and EB taken by cells when cytoplasmic membrane integrity is lost, makes nuclei looks red. EB also dominates over AO. Thus normal cells display normal green nucleus; early apoptotic cells have bright green nucleus with condensed and fragmented chromatin; late apoptotic cells display condensed and fragmented orange chromatin; while the cells that have died due to necrosis, have a normal orange nucleus with condensed chromatin [27] . Data are means of three experiments and are reported as mean ± SE Fig. 2 The image of gold nanoparticle taken by TEM Also, Hoechst is a fluorescence dye that binds specially to DNA structure and makes nuclei looks blue. Analyses of treated T47D cell line by conjugated and non-conjugated forms verified that these compounds are able to induce apoptosis (Figs. 7, 8 ).
All these results showed the increase of DNA fragmentation and apoptotic cells percentage while treated with compound 4 conjugated with AuNPs (Tables 3, 4) .
Discussion
Cancer is a disease in which cells are divided and multiplied abnormally and metastasized to healthy tissues. Most of the chemotherapy agents may apply their therapeutic effects by inducing apoptosis. Apoptosis is an important metabolic step in the regulation of cell number and growth.
If apoptosis is failed, metabolism impairs and tumors form and grow [28] .
In this study, cytotoxicity effects and apoptosis induction of synthesized 4H-chromene derivatives were investigated. According to previous studies, other derivatives of these compounds would induce apoptosis in tumor cells by interaction of tubulin formation or inhibition in tubulin polymerization. The T47D cell line containing mutated P53 was used since the chromene derivatives have especially better effect on it [10, 11, 13] .
In this study, MTT assay was used to evaluate viability and survival (%) and toxicity of compounds; this was the most applicable method for evaluating cell survival in the similar investigation.
Based on the results from the cytotoxicity assay of 2-amino-4H-chromene-3-carbonitrile compounds in T47D cell line shown in Table 2 , there was an obvious distinction according to structure and functional groups (Table 1) . Both compounds had a similar composition and different functional groups. Difference between compounds 3 and 4 is in R group attached to the benzene ring, results in a significant effect on cytotoxicity since compound 4 with NH 2 displayed the best result.
Compounds 1 and 5 are in the next category. They both have N(CH 3 ) 2 attached to the benzene ring and the difference is in the position of NO 2 groups attached to the IC 50 of compounds 2 and 6 were above 150 mM that had lower effect than the other compounds.
Their functional group NH 2 has been attached to the benzene ring and the difference was in the position of NO 2 groups attached to the thiol ring. NO 2 in compound 2 is in positions 5 while it is located on position 4 in compound 6, thus the NO 2 group in position 4 showed a better outcome.
According to the obtained information, existence of two NH 2 groups as well as OH and N(CH 3 ) 2 on the benzene ring, would increase the cytotoxicity effect of the compounds. Whereas, existence of one NH 2 group would reduce the effect of compounds.
New technologies have been used to increase the efficiency of chemotherapeutic agents and reduce their side effects. One of these methods is applying nanotechnology in medical field [29] . Due to the unique properties of biodegradable NPs, they can be applied for new therapeutic methods such as targeted drug delivery and controlled release [30] . NPs loaded with anti-cancer drugs, can easily reach to the cell membrane and increase the drug concentration at the cell surface. One of the most applicable NPs is gold NP [21, 31, 32] .
Since the compound 4 was the strongest compound, it was conjugated with gold NPs synthesized with aspartic acid by chemical reduction method. Before conjugation, formation of gold NPs was confirmed and then they were incubated for 48 h with compound 4 for conjugation. Morphology and structure of gold NPs were investigated by TEM that showed the size of 18 ± 10 nm.
The UV-Vis spectroscopy and DLS were used for investigation of synthesized gold NPs and their conjugation with compounds. Study of UV-Vis spectra of gold NPs and conjugated form illustrated that the conjugated form had longer wavelength than the gold NPs.
Another method was DLS, which was used to check the size of the particles. In this method, the speed of the particles depends on particle size and also the surface structure and concentration of ions in the environment. Thus, the reported size was the hydrodynamic diameter. Molecules attached to the surface of the particles increased their diameter. Hydrodynamic diameter of the gold NPs was 33.23 nm while the real core size determined by TEM was 2 as the functional groups. The result of cytotoxicity effect investigation suggested that the compound 4 conjugated with AuNPs was more efficient to achieve to desired result (Fig. 6) . IC 50 reduced from 81.42 ± 6.1 to 49.87 ± 4.5 lM by conjugation ( Table 3) . Induction of apoptosis is one of the most important procedures to destroy cancer cells without any side effect [28] . To assess the effects of compounds on the process of apoptosis, staining methods with AO-EB and Hoechst staining by fluorescence microscopy and DNA fragmentation by diphenylamine method were used.
Cells were treated with compound 4 and its conjugated form (at IC 50 ) for 24 h and then harvested and stained. The results showed in Figs. 7 and 8 evidently demonstrate the induction of apoptosis by compounds in compare with controls (nontreated; AuNPs). Percentage of apoptotic cells were calculated by AO-EB staining (Table 4) and showed an increase from 35 to 43 %.
DNA fragmentation is an end point of apoptosis which takes place after caspase activation. Cells were treated with compound 4 and conjugated form for 24 h. The results showed the rising percentage of DNA fragmentation from 34.3 to 41.8 after conjugation. This probably comes from the decrease in the expression of BCl-2 in T47D cell line; there was an inverse relation between the expression of this factor and releasing of cytochrome C. By the decrease of BCl-2 expression in T47D cell line the release of cytochrome C would increase (cytochrome C is a necessary factor for the initiation of apoptosis), which would lead to the formation of apoptosome, acting of caspases 9 and 3 and DNA fragmentation as a result. Consequently, apoptosis would be caused by such agents [33, 34] .
